Abstract. The CD117 protein is a tyrosine-kinase receptor encoded by the c-kit gene that frequently bears activating mutations in gastrointestinal tumors. Conflicting findings regarding CD117 expression in other stromal tumors, including phyllodes tumors (PTs), have been reported in the literature.
Introduction
Fibroepithelial tumors of the breast are essentially comprised of fibroadenomas (FAs) and phyllodes tumors (PTs) (1) . FAs are the most common type, constituting a benign entity formed by stromal overgrowth with an epithelial component from the terminal duct. They usually affect younger women 20-35 years of age, but remain stable over decades and grow slowly. In younger patients, they present larger sizes and faster overgrowth, and usually have a peculiar morphology. These are termed juvenile FAs (2) .
PTs occur much less frequently (0.3-0.5% of all breast lesions) and may be morphologically classified as benign (PTB), borderline (PTBL) or malignant (PTM) (3) . Although most cases can be successfully treated by surgical excision, recurrence is a common event, and distant metastasis is associated with the malignant subtype (4) . Identification of possible predictive markers of tumor biology that could predict recurrence or metastasis would be useful for the improved treatment of PT. Evidence of an association between markers such as p53 overexpression (5, 6 ) and cell proliferation with histological tumor grade does not add prognostic significance to clinical outcome (7) (8) (9) .
Previously, the c-kit protein (or KIT receptor tyrosine kinase) was associated with gastrointestinal tumors (GISTs), another type of human fibrous stromal tumor with variable behavior (10, 11) . Activating mutations in the KIT gene lead to overexpression of the protein occurring in approximately 90% of GISTs (12) . Activation of the receptor's tyrosine kinase activity when the overexpressed c-kit protein binds to its specific ligand, stem cell factor, is associated with cellular proliferation (13) . Moreover, mutations in c-kit may stimulate tumor growth via anti-apoptotic signals. The use of STI571 (imatinib), a specific chemotherapeutic agent which has the ability to inhibit tyrosine-kinase activity, has resulted in a much improved response to chemotherapy in GIST (14) .
The normal mammary epithelium highly expresses c-kit (15, 16) . Studies employing different methodologies have led to conflicting results regarding c-kit expression in epithelialderived breast cancer (17, 18) . Malignant transformation seems to be accompanied by the progressive loss of c-kit activity (19) . However, the relatively low prevalence of KIT expression in epithelial-derived neoplasms does not sustain this hypothesis.
Breast cancer could be a promising candidate for STI571 therapy because of its high heterogeneity, with fibroepithelial tumors being the most attractive target. The stromal and epithelial components of these tumors have been reported to suffer distinct molecular alterations during carcinogenesis (16) . Evaluation of c-kit expression should therefore be conducted specifically and separately in the two components.
Few studies report c-kit overexpression in FAs, and results in PTs remain controversial (20, 21) . Moreover, the localization of c-kit expression remains unclear. Consequently, in this study, c-kit immunohistochemical expression was evaluated in a series of 96 fibroepithelial breast tumors, with a focus on the stromal component. The correlation of its expression with clinical pathological variables was also determined.
Materials and methods
Patients. After pathological review, 96 breast tumor cases with adequate specimens were included. The age of the patients ranged between 18 and 83 years, with a median age of 48.7 years. In most cases, the presence of a lump in the breast was the first symptom; in two thirds of cases a mammogram or ultrasound examination had been performed. All cases were reviewed, and tumor classification was confirmed according to diagnostic criteria (mitotic activity, stromal cellularity, nuclear atypia and stromal overgrowth) (3) . Tumor width varied from 1 to 25 cm. All cases were treated surgically: a local excision was performed in cases of FA and PTB, and mastectomy was performed in PTBL and PTM cases. Recurrence occurred in three patients, and one patient with PTM died of pulmonary metastasis. All other patients were alive after 5 years of follow-up.
Immunohistochemical assay. Ninety-six consecutive cases of fibroepithelial breast tumors were fixed in formalin, routinely processed, and embedded in paraffin wax. Sections (3 μm) were mounted on silanized slides and left to dry overnight at 56˚C. The next day, the slides were dewaxed in xylene, rehydrated in graded alcohol and washed with water. Antigen retrieval was performed using a pressure cooker (Eterna Nigro™, São Paulo, Brazil) and 10 mM citrate buffer (pH 6.0) as described elsewhere (22) . Samples were quenched with 6% hydrogen peroxide and incubated overnight at 4˚C with polyclonal rabbit anti-human CD117/c-kit (Dako Cytomation A/S, Denmark, Glostrup; cat no. A4502) diluted 1:6000 in phosphate-buffered saline (PBS) with 1% bovine serum albumin as an antibody diluent.
The following day, the slides were rinsed with PBS and incubated for 30 min at 37˚C with the secondary antibody, biotinylated goat anti-mouse/rabbit immunoglobulin diluted 1:200. They were then rinsed again with PBS and incubated for 30 min at 37˚C with streptavidin-biotinylated-peroxidase complex (Duet mouse/rabbit HRP, Dako Cytomation A/S; cat no. 0492) diluted 1:200. Finally, the slides were developed using 0.06% DAB as chromogen with 0.06% hydrogen peroxide, and counterstained with Harris' hematoxylin.
A second protocol of analysis was also performed using Tris-EDTA (ethylenediaminetetraacetic) buffer (pH 8.0) as the heat-induced target retrieval solution and the primary antibody, diluted 1:5000.
Positive and negative control slides were included. For the negative control, the primary antibody was omitted. The positive control was a known case of gastrointestinal stromal tumor. A slide was considered positive when >10% of the cells analyzed exhibited golden-brown staining. Staining was located in the cytoplasmic area in epithelial cells and was weakly evident in the cytoplasm and membrane of stromal cells.
Statistical analysis.
Results were presented as descriptive frequencies when they were not suitable for statistical analysis. The χ 2 and Student's t-tests were applied, when appropriate, using the Statistical Package for Social Sciences (SPSS) computer software.
Results
The surgical pathology reports were reviewed by two pathologists (F.A.S. and A.F.L.). FAs were denoted as classical (13) and juvenile (10) , and the 70 PTs were classified according to standard criteria (stromal cellularity, atypia, stromal overgrowth, mitotic amount and category of borders) as 45 PTB, 17 PTBL, and 8 PTM samples. Expression of c-kit in stromal and epithelial cells was analyzed separately. A minimum of two large (>1 cm x 0.5 cm) sections from each tumor was analyzed, containing representative stromal and epithelial components.
Stromal component. Among all the tumors, only two cases of PTBL contained stromal cells positive for c-kit expression. In all other benign PTs and FAs, fibroblasts were completely negative for c-kit expression. PTMs also showed no expression (<1% of fibroblasts) in the malignant stromal component. The same results were obtained when the immunoassay was repeated using pre-heated antigen retrieval. There was no particular morphological feature in the two positive cases compared to the other fibroepithelial lesions.
Epithelial component. The glandular component was more commonly positive for c-kit. Reactive cells showed a diffuse staining in the cytoplasm that was moderately intense and comparable to normal breast epithelial expression. In 38 of the 96 tumors studied, the ductal cells were reactive to c-kit antibody (39%). These included 20 FAs (10 regular, 10 juvenile) and 18 PTs (11 PTBs and 8 PTBLs). However, in the remaining 58 tumors, the epithelial cells were completely negative. These included 6 FAs (4 regular, 2 juvenile), all 8 PTMs, 34 PTBs and 10 PTBLs. Considering both components together, 58 cases were totally negative and 36 exhibited c-kit expression restricted to the epithelial cells. Only two cases exhibited c-kit expression in both the glandular and stromal cells (Table I) .
The two positive cases had >10% positive fibroblasts scattered among the negative cells. In the most positive case, distribution of positive stromal cells was at most 40-50%. Although these cases expressed the c-kit protein in a larger number (>10%) of fibroblasts, the pattern was not of the large strong staining type commonly observed in GISTs. The majority of other cases did not show any reactivity at all. Myofibroblasts and endothelial cells were also negative for the protein.
In the epithelial cells, c-kit expression was assessed separately, and proved to be more common: 38 of 96 cases were positive for it. Usually, the intensity of staining in the epithelial cells was weaker than in normal tissue, and more frequently at the lobular unit rather than the ductal elements. Expression of c-kit in the two components of the two positive stromal cases did agree in terms of the presence of reactivity in the epithelial cells. In two cases, FA exhibited focal areas of typical (one case) and atypical (one case) epithelial hyperplasia, and focal adenosis was present or associated with the lesion in the other five cases, all of which were positive for c-kit. Older and atrophic lesions were generally totally negative; the more preserved the epithelial component, the more positive the tumor.
When c-kit expression in the epithelial cells was compared within the five subgroups of tumors, an evident correlation to diagnosis (p=0.0001) was found. While FAs showed a high frequency of staining (71-83%), in PTBs epithelial cells were positive in only 24.4% of cases. There was an inversion of positivity between FAs and PTBs. c-kit staining in epithelial cells did not differ among juvenile and regular FAs, but among the PTs there was a marginal association (p=0.6522).
Stromal expression was not frequent enough to allow for any statistical correlation.
Discussion
Recently, the expression of c-kit in stromal tumors has attracted the interest of oncologists. The c-kit gene encodes a receptor tyrosine kinase that is differentially expressed in gastrointestinal stromal tumors (GISTs), but not in other stromal neoplasms, such as smooth muscle and neural tumors. A novel chemotherapeutic agent containing STI571, which is an active inhibitor of KIT tyrosine kinase activity, enables treatment of these tumors after surgery (14) , and the identification of other possible targets of STI571 therapy is very appealing. However, the protein expression profile of stromal tumors appears to be very heterogeneous, and according to other studies reported in the literature (17, 19, 21) , few human stromal tumors express c-kit at the clinically relevant levels found in GISTs. Hornick and Fletcher (23) therapy, yet few studies on the expression of c-kit in these tumors have been conducted (17, (19) (20) (21) .
In the present study, c-kit expression analysis was performed in a series of malignant (PTM), borderline (PTBL) and benign (PTB) PTs, with a special interest in stromal overexpression. In order to better understand the relation of c-kit expression with stromal/epithelial overgrowth, several fibroadenomas (FAs) were included in this series. Reports of c-kit expression in FA are scarce. Forty examples of FA were studied by Tsuura et al, with little discussion of the distribution and results (24) . As well, Ko et al (15) examined 15 cases, but the discussion of epithelial and stromal components and their reaction to c-kit was limited.
The two components of fibroepithelial neoplasms must be addressed separately. In this study, c-kit staining was found in the epithelium of a considerable percentage of FA cases. Moreover, epithelial staining was found in 30% of PTBs, suggesting that a subset of PTBs may have a phenotypic pattern more similar to that of FAs. It seems, based on the distribution of reactivity, that c-kit reactivity is somehow a 'normal cell' feature, progressively lost during fibroepithelial carcinogenesis. On the other hand, 20% of FA cases did not exhibit c-kit staining in the epithelia or the stroma. Positive cases of FA do not differ clinically from negative ones during evolution. The reason why glandular cells, which commonly express c-kit in normal breast epithelium, lose this capacity in seemingly benign lesions such as fibroadenomas is presently unclear, but this raises important questions as to the state of differentiation of the glandular cells. Further analysis of such a loss of protein expression could be of interest in hyperplasic lesions, as the majority of PTs are histologically abnormal (up to 60% have epithelial hyperplasia) and have been demonstrated to have allelic imbalance in the epithelium (25) . The loss of c-kit expression may be a reflection of decreasing differentiation.
The role of c-kit in ductal epithelia remains to be elucidated, and future investigation of the relationship of its expression with cell metabolism is warranted. However, it appears that the environment within a fibroepithelial neoplasm becomes increasingly hazardous to ductal cells. The more irregular and malignant, the more compromised the cell machinery becomes. This hypothesis is not in accordance with the fact that many ductal carcinomas continue to express c-kit and, more specifically, that c-kit expression is pointed as one specific feature to basal-like carcinomas. Basal-like ductal carcinomas are usually high grade ER-negative tumors (26) . It would be of interest to verify whether basal-cell carcinomas contain stromal cells with any distinct features. There may be commonalities between basal-cell carcinomas and fibroepithelial neoplasms with a poor prognosis.
Regarding the stromal component, a consistent loss of c-kit in the fibroepithelial tumors that did not appear to be closely Table I . Morphological diagnosis and c-kit expression in the stromal and epithelial components of fibroepithelial breast tumors. ----------------------------------------------- -
related to malignancy was found. Conflicting results have been presented by some authors, who identified a higher incidence of c-kit reactivity in the stromal component (20, 27) . Table II lists the results of c-kit expression in fibroepithelial tumors currently available in the literature. Moreover, when polymerase chain reaction (PCR) was used for analysis, the separate scraping of each component from slides was seldom performed. In some cases, mutations in the c-kit gene were identified, although in two cases epithelial expression was also reported. The same rate of reactivity could not be identified here. Indeed, previous studies have found that c-kit expression in PTs is variable. However, few studies have been able to identify reactivity specifically in stromal cells. (28) .
Discrepancies between studies can be attributed to differences in the techniques or the particular antibodies used. As well, certain studies used antigen retrieval, while others did not apply this step in the immunohistochemical assay. Moreover, not all cases exhibiting overexpression of c-kit demonstrated DNA alterations (27) . Cleary, the immunohistochemical identification and interpretation of c-kit protein expression in PTs requires further investigation before it can be effectively used for treatment and as a prognostic indicator. For the time being, careful histological evaluation, along with adequate tumor sampling, appears to provide the most clinically relevant and useful information (4) .
The expression of c-kit is not a major event in breast fibroepithelial tumors, and should not be a target of therapeutic approaches until the mechanism that leads to the epithelial accumulation of c-kit has been elucidated. Table II . Summary of key results of the studies about c-kit expression in fibroepithelial breast tumors in the literature. (20) 2000 
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FA, fibroadenoma; PT, phyllodes tumor; M, malignant; B, benign; BL, borderline; IH, immunohistochemistry; in situ H, in situ hybridization; PCR, polymerase chain reaction; SEQ, direct sequencing; NR, not recorded.
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